Epimeric catechin and epicatechin peracetates offer the possibility to explore the number of conformers needed for the absolute configuration determination without affecting the reliability of the assignment. Comparisons between experimental and DFT B3PW91/DGDZVP calculated curves showed that, in molecules where the conformational flexibility generates a large number of conformers, it is possible to significantly reduce the number of conformers needed to generate VCD results that provide secure absolute configuration assignment.
Vibrational circular dichroism (VCD) spectroscopy has shown high reliability for the absolute configuration (AC) assignment of epimeric compounds [16] [17] [18] , even in the presence of an inherently dissymmetric chromophore [19] . However a disadvantage in the AC assignment of large molecules, or of molecules with a great conformational freedom, is the large time invested in the molecular modeling calculation procedure, in the first case caused by the presence of a large number of electrons in the molecule under study, and in the second case, caused by the large number of conformers to be calculated. This can turn critical in cases were both situations combine, as in the case of large molecules with high conformational freedom.
The five hydroxyl groups, responsible for the hydrophilicity of catechin and epicatechin, presuppose a large number of intermolecular hydrogen bonding interactions in solution, which we have shown cause poor comparisons between experimental and gas phase calculated IR and VCD spectra, a situation that has been solved by the preparation of less polar derivatives like acetates [20] .
Herein, the AC assignment of catechin (1) and epicatechin (2), a pair of epimeric flavan-3-ols, is described by contrasting the experimental and calculated VCD curves of their respective peracetate derivatives 3 and 4, following the previously described methodology [21, 22] .
Comparisons between experimental and DFT B3PW91/DGDZVP calculated IR and VCD spectra allowed to conclude that, in molecules where the total conformational analysis yields a large number of conformers with a small contribution to the conformational population, it is possible to considerably reduce the number of considered conformers for the generation of the calculated spectra without affecting the reliability of the AC assignment. This strategy, as is shown in the present case, can directly shorten the calculations time to one half, which it the bottleneck in VCD studies.
Conformational analysis of 3 was started using the Monte Carlo protocol and molecular mechanics force field which provide 249 conformers in a 10 kcal/mol energy window. All conformers were the subject of complete geometry optimization using DFT at the B3PW91/DGDZVP level of theory to afford 169 conformers within a 5 kcal/mol energy gap respect to the most stable conformer. A lot of conformers with very similar or identical energy values were observed and therefore the PyMOL software was used to search for those that are equals, a strategy that allowed identifying and eliminating nine identical geometries. The IR and VCD spectra were calculated for the remaining 160 conformers using the same level of calculations. After thermochemical parameters calculations, the G value was used as a criterion to select those conformers to be considered for the weighted IR and VCD spectra, thus providing 61 conformers within a 2 kcal/mol gap which were used to obtain the final Boltzmann-weighted IR and VCD spectra ( Figure 1 ). We have used the G = 2 kcal/mol criterion for many years since in the equilibrium of two species with such an energy difference the conformers ratio is 97:3. The assignment of the (2R,3S) AC for 3 followed from comparison of the experimental and calculated IR and VCD spectra using the CompareVOA software [23] , which provided an anharmonicity factor of 0.965, the other comparison parameters being shown in Table 1 , including the confidence level (C) = 100% for the AC determination.
The same procedure was followed for the IR and VCD calculations of 4. After applying the Monte Carlo protocol, 199 conformers in a 10 kcal/mol energy gap were observed. Complete energy optimization using DFT B3PW91/DGDZVP level of theory provided 110 conformers in the first 5 kcal/mol. After evaluation using the PyMOL software, 16 identical geometries were identified and eliminated. For the 94 remaining conformers, the IR and VCD spectra were calculated using DFT at the B3PW91/DGDZVP level of theory. The 46 conformers obtained within a 2 kcal/mol energy window were considered to generate the final Botzmann-weighted IR and VCD curves. Experimental and DFT B3PW91/DGDZVP VCD calculated curves for the (2R,3R) enantiomer show a good agreement ( Figure 2 ) which is consistent with the CompareVOA evaluation (Table 1) , thus validating the AC assignment. The experimental VCD spectra of epimeric compounds 3 and 4 ( Figure 1 and Figure 2 , respectively) are notably different and cross-comparison of the calculated and experimental spectra using the CompareVOA software (Table 1) revealed that the assignments are secure from the confidence level values.
In order to evaluate the influence on the reliability for the AC assignment of the studied compounds using less contributing conformers for the conformational population, the weighted IR and VCD spectra were generated with conformers contributing above 0.5, 1.0, 1.5 or 2.0% of the conformational population regardless their relative energy values. Thus, for 3, 47 conformers within an 1.59 kcal/mol energy gap, each one contributing with more than 0.5% to the conformational population, were used to generate the weighted IR and VCD calculated curves. Comparison between experimental and calculated curves using the CompareVOA software (Table 1) provide an infrared spectral similarity (S IR ) of 92.2%, a VCD spectral similarity for the correct enantiomer (S E ) of 73.7%, a VCD spectral similarity for the incorrect enantiomer (S -E ) of 17.4%, and a confidence level for the absolute configuration determination (C) of 100%. A similar situation was observed, with a C of 100%, when considering those conformers contributing above 1.0% of the conformational population (31 conformers, G = 1.18 kcal/mol). The situation changed (Table 1) when for generating the IR and VCD curves only conformers contributing above 1.5% (23 conformers within a 0.96 kcal/mol energy gap), and 2.0% (17 conformers within a 0.8 kcal/mol energy gap) of the total conformational population were used. In these cases the S IR , S E and C values were considerably lower, 88.4, 66.6 and 95%, and 88.5, 65.1 and 92%, respectively.
The same considerations were made for 4, resulting in 32, 24, 21, and 20 conformers contributing above 0.5, 1.0, 1.5, and 2.0%, respectively, of the conformational population (Table 1) . For this molecule, CompareVOA comparison between the experimental data and Boltzmann-weighted IR and VCD spectra showed, even considering only those conformers that contributed with more than 2% of the total conformational population, that the reliability of the AC assignment remains 100% (Table 1) .
A literature search shows that VCD has been used only for a few molecules having high conformational freedom [24] [25] [26] [27] [28] [29] . Thus, with the aim of reducing the large time invested in molecular modeling calculations, truncated models have been used [24, 25] . In order to keep the complete molecule by avoiding molecular amputation surgery, after evaluating the conformational behavior summarized in Table 1 , it seems plausible to propose that for molecules originating over say some 20 conformers in the initial 2-2.5 kcal/mol obtained after applying the single point protocol, one should initially energy optimize and calculate vibrational data for one half of the conformers. The Boltzmann weighted calculated data should then be evaluated using a confidence level software to know it the number of considered conformers already suffices. If not, an addition one third of the yet uncalculated conformers should be taken into consideration and the confidence level should be checked again. This procedure would decrease the total computation time to one haft or to two thirds of what we have done in the past. This proposal is in line with considering conformers having abundances above 1% for which the cut-off energy level is close to 1.25 kcal/mol and allows maintaining a high level of confidence.
In conclusion, close inspection of the data summarized in Table 1 reveals that the confidence (C) for the AC determination of epimeric 3 and 4 remains as 100% when using approximately one half of the total number of conformers found in the 2 kcal/mol gap; that is from 64 conformers of 3 found in the 2 kcal/mol gap it suffices to consider the 31 most populated conformers to maintain a C = 100% value, while in the case of 4, showing 46 conformers in the initial 2 kcal/mol gap, it suffices to consider the 20 most populated conformers. This strategy allows investing half the computer resources needed to perform calculations of all conformers found in the 2 kcal/mol gap.
Experimental

General:
The 1 H and 13 C NMR spectra were acquired in CDCl 3 solutions containing TMS as the internal standard on a Varian Mercury 300 (75.4 MHz for 13 C) spectrometer at 298 K.
Compounds: (+) Catechin and () epicatechin (Aldrich) were transformed into their peracetates (3 and 4, respectively), by heating with acetic anhydride in pyridine overnight. The complete acetylation was confirmed by comparison of their 1 H and 13 C NMR data with those described [30] [31] [32] .
VCD measurements: VCD and IR spectra were measured on a dual PEM BioTools ChiralIR FT-VCD spectrophotometer operated at a resolution of 4 cm -1 . Samples of 3 and 4 (3.0 and 3.2 mg, respectively) were dissolved in CDCl 3 (150 mL) and placed in BaF 2 cells with pathlength of 100 m. Fifteen and twenty one 1 h blocks were added for measurement of 3 and 4, respectively. The base line was provided by subtracting the spectrum of the solvent acquired under the same conditions. The stability of samples was monitored by 1 H NMR measurements immediately before and after VCD measurements.
Computational methods:
After constructing molecular models of 3 and 4, the complete geometry optimization for these two molecules was carried out using Monte Carlo searches and molecular mechanic force field (MMFF94) as implemented in the ComputeVOA software (BioTools, Jupiter, FL, USA). When using a 10 kcal/mol energy gap, 249 and 199 conformers were obtained for 3 and 4, respectively. All conformers were completely optimized using DFT with the B3PW91 functional and the DGDZVP basis implemented in the Gaussian'09 software (Wallingford, CT, USA) to give 169 and 110 conformers for 3 and 4, respectively, in a spectral windows of 5 kcal/mol respect to the most stable conformer. Due to the large number of conformers and the great similarity between energy values the PyMOL program (DeLano Scientific LLC, San Carlos, CA, USA) was used to recognize identical geometries. This allowed to discard 9 conformers for 3, and 16 identical structures for 4. For calculating vibrational normal modes and rotational strengths, using DFT at the B3PW91/DGDZVP level of theory, the value of G was estimated and used as a criterion for weighting the IR and VCD spectra for 3 and 4. Finally, 61 and 46 conformers were found within a 2 kcal/mol range for 3 and 4, respectively. The bandshapes were calculated with Lorentzian functions and a bandwidth of 6 cm 1 . Calculated and experimental spectra were compared using the CompareVOA software [23] .
